Cancer stem cells (CSCs) are hypothesized to govern the origin, progression, drug resistance, recurrence and metastasis of human cancer. CSCs have been identified in nearly all types of human cancer, including esophageal squamous cell cancer (ESCC). Four major methods are typically used to isolate or enrich CSCs, including: i) fluorescence-activated cell sorting or magnetic-activated cell sorting using cell-specific surface markers; ii) stem cell markers, including aldehyde dehydrogenase 1 family member A1; iii) side population cell phenotype markers; and iv) microsphere culture methods. ESCC stem cells have been identified using a number of these methods. An increasing number of stem cell signatures and pathways have been identified, which have assisted in the clarification of molecular mechanisms that regulate the stemness of ESCC stem cells. Certain viruses, such as human papillomavirus and hepatitis B virus, are also considered to be important in the formation of CSCs, and there is a crosstalk between stemness and viruses-associated genes/pathways, which may suggest a potential therapeutic strategy for the eradication of CSCs. In the present review, findings are summarized along these lines of inquiry.
Introduction
Cancer is one of the most devastating diseases afflicting humans, not only because it negatively affects the health and quality of life of patients, but also because it places a great burden on society as a whole (1) . A significant amount of progress in cancer treatment has been made over the last two decades; however, For all cancers combined, the 5-year relative survival rate of patients at advance stages with cancer remains less than 20% during the most recent time period (2007) (2008) (2009) (2010) (2011) (2012) (2013) in United States (2) . Surgery, chemotherapy and radiotherapy are currently the main forms of cancer treatment; however, novel therapeutic approaches, including precision treatment (3), personalized therapy (4), molecular target therapy (5) , complex immunologic therapy (6) and endocrine therapy (7, 8) , have also emerged. In addition, targeting cancer stem cells (CSCs) is an approach that has attracted an increasing amount of attention in cancer research, both in the lab and in clinical settings (9, 10) .
In the early 20th century, Rous (11) reported that cancer resembles embryonic tissues, to a certain degree, which led to the speculation that cancer may originate from certain types of stem cells. However, Rous's speculation did not draw much attention until 1997, when Bonnet and Dick (12) demonstrated that, in acute myeloid leukemia, cancer cells are heterogeneous instead of homogeneous. Normal stem cells are now being viewed as the primary source of CSCs, which are also known as cancer stem cells (CSCs) and tumor initiating cells, since genetic mutations in these cells result in cancer and other malignant tumors, which is mediated by the acquirement of self-renewal ability. CSCs originate from stem cells or progenitor cells in transformed tissues through deregulated self-renewal (13) . In addition, CSCs have been identified and later isolated from a variety of different cancer types such as in acute myeloid leukemia (14) , and several solid tumors including breast cancer (15) , glioblastoma (16) , prostate cancer (17) and colon cancer (18, 19) . All CSCs share the following three major characteristics: i) Unlimited proliferation: ii) self-renewal,
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QIAN WU 1,2* , ZHE WU 1* , CUIYU BAO 2* , WENJING LI 1* , HUI HE 1 , YANLING SUN 1 , ZIMIN CHEN 1 , HAO ZHANG 3 and ZHIFENG NING 1 and iii) multiple differentiation. In addition, the asymmetric division of CSCs can produce entire tumors that resemble the primary tumor. CSCs originate from the mutation of normal tissue stem cells or the dedifferentiation of differentiated tissue cells ( Fig. 1 ). Different experimental strategies have been used to examine stemness. For example, MTT and/or CCK-8 assays can examine proliferation ability (20) . In addition, microsphere formation can be used to investigate self-renewal ability and enrich CSCs, since only the CSCs can form microspheres when cultured in suspension without serum but with growth factors, including epidermal growth factor, basic fibroblast growth factor, B27 and insulin. However, limited dilution combined with xenograft in immune deficient mice is the gold standard in testing for cell stemness (21) .
As one of the most prevalent and deadly malignancies in China, esophageal cancer with respective modality and mortality rates of 478 and 375 per 10,000, has become the focus of an increasing number of studies (1) . Among different types of esophageal cancer, squamous cell cancer is the most common malignancy among the Chinese population (22) . The present review will focus on the role of CSCs in esophageal squamous cell cancer (ESCC), including their incidence and 5-year survive rate, isolation, identification, signaling pathways, association with viral infection, and their involvement in diagnosis and treatment.
Isolation of CSCs from ESCC
ESCC is a common malignant tumor of the digestive tract, and relapse and metastasis to surrounding lymphatic nodes are major traits of ESCC (23) . Since this type of cancer usually exhibits few or no obvious symptoms at the early stages of disease, >50% of patients with ESCC present with metastases and unresectable tumor at the time of diagnosis (24) and the overall 5-year survive rate remains at 15-25% (25) . In addition, due to the anatomical location, ESCC is difficult to completely resect, and ESCC is less sensitive to chemotherapy and radiotherapy (26) . Given the important roles of CSCs in cancer initiation, progression, recurrence and metastasis (27) , targeting ESCC-specific CSCs has become an attractive alternative. One of the major obstacles in CSC research and application is obtaining CSCs. There are currently four frequently used, well-established methods in CSC isolation. Although the gold standard for defining a CSC or tissue stem cell would be serial transplantation, this is a timely and costly experiment (28).
Cell surface markers
A common method used to isolate CSCs is to utilize cell surface markers, including cluster of differentiation (CD) 90 and CD44, for isolation by flow cytometry (10) . This was also the earliest reported method. Using flow cytometry Bonnet and Dick (12) identified that CD34 ++ /CD38leukemic cells were acute myeloid leukemia stem cells in 1997. Since then, it appears that CSCs can be isolated from almost every type of cancer using this method, i.e. utilizing special cell surface markers, primarily CD molecules. Although several studies (29-32) have demonstrated an association between CDs, including CD133, and self-renewal and multidirectional differentiation abilities, it is not apparent as to why CDs can be regarded as surface markers for CSCs. Following the silencing of CD133, the stemness of CSCs was decreased (33) . ESCC was not an exception to this phenomenon. In a previous study, CD90 + ESCC cells were isolated using flow cytometry, and further characterization of this population by mRNA profiling suggested that CD90 + is involved in tumor growth and metastasis, via the dysregulation of the Ets-1/matrix metalloproteinase (MMP) signaling pathway and a change from an epithelial phenotype to a mesenchymal phenotype. The isolated CD90 + ESCC cells possessed a higher self-renewal capability and were able to initiate tumor growth, differentiation, metastasis and chemotherapeutic resistance (34) . CD44 is a common stem cell marker that has been identified in several types of human cancer, including breast (31, 35) , gastric (36) , prostate (37) and colorectal cancer (38) , as well as glioma (39) . In addition, CD44 is considered to be a stem cell marker of ESCC (40).
Serum-free suspension culture
The second method for isolating CSCs from ESCC is to use a serum-free medium suspension culture. In the mid-1960s, serum-free culture was first used to enable the L cell line to propagate from its low density of inoculum by adding specific nutrients to substitute the serum (41) . Serum-free culture was subsequently applied in a cytokine supported stroma-free suspension culture protocols (42, 43) . To achieve a specific aim, including collecting cytokines or high molecular weight proteins released from cultured cells. Serum-free suspension culture was first applied to isolate human primitive hematopoietic progenitor cells (44) and is widely regarded as an effective method for isolating stem cells or CSCs. However, serum-free suspension culture exhibits limitations, due to the impaired differentiation and increased proliferation abilities of CSCs. It is speculated that the cells in the center of spheres are prone to be senescent. In a sphere, the CSCs are not homogeneous, but hierarchical. The cells closer to the core of the sphere are more differentiated, which is possibly explained by the fact that fewer nutrients reach the core. The cells in the core are prone to differentiation due to a lack of growth factor (45) . It is largely accepted that the number of CSCs in the sphere continuously increases, as the cells undergo further passage (46) . However, the risk of gene variation increases with each passage. Theoretically, only CSCs can form microspheres; however, not every sphere cell is a CSC. The sphere formation ability can, to a certain extent, reflect the self-renewal ability of CSCs (46) . In numerous types of cancer, microsphere cells from the serum-free medium suspension culture have been demonstrated to exhibit stem cell-like characteristics (47, 48) . Wang et al (49) reported that sphere cells isolated from the ESCC cell lines KYSE 150 and TE1 are more resistant to radiotherapy, when compared with parental cells.
Side population cells
A third method of CSC isolation is to utilize specific stem cell phenotype determinants, including side population (SP) cells. In 1997, Goodell et al (50) utilized dual-wavelength flow cytometry analysis of murine bone marrow cells stained with the fluorescent DNA-binding dye Hoechst 33342 to obtain a small fraction of cells that could efflux the Hoechst dye, defining an extremely small and homogeneous population of cells termed SP cells. These cells are primarily CD34and lineage marker-negative, highly enriched for long-term culture-initiating cells, which is an indicator of primitive hematopoietic cells, and exhibit the capacity to differentiate into T cells. In addition, SP cells have been demonstrated to have a special type of stem cell phenotype in several normal tissues, including the hematopoietic system (51) and breast epithelium tissue (52) . SP cells have also been identified in numerous types of cancer tissue, including leukemia (53), multiple myeloma (54) and breast cancer tissues (55) . Furthermore, SP cells can trans-differentiate into other tissue cells. For example, bone marrow-derived SP cells can promote respiratory damage repair in mice in vivo (56) . Although SP markers can be viewed as a common stem cell phenotype marker, some debate still exists. ATP binding cassette subfamily G member 2 (ABCG2) is a membrane receptor, which has a pump function that can remove toxic substances from the cytoplasm, contributing to the phenotype of SP cells. ABCG2 can protect cancer and normal stem cells from X-ray damage. Additionally, ABCG2 has been demonstrated to be a phenotype determinant of SP cells (57). Patrawala et al (58) reported that ~30% of cultured human cancer cells and xenograft tumors possess a detectable SP. Purified SP cells from U373 glioma cells, MCF7 breast cancer cells and a xenograft prostate tumor were more tumorigenic compared with the corresponding non-SP cells. These SP cells also possess intrinsic stem cell properties, as they generate non-SP cells in vivo, can be further transplanted, and preferentially express specific stemness genes, including Notch-1 and β-catenin (58) .
Since the SP phenotype is primarily mediated by ABCG2, an ATP-binding cassette half-transporter associated with multidrug resistance, the tumorigenicity of ABCG2 + and ABCG2cancer cells was investigated. Although SP cells exhibited an increased ABCG2 mRNA expression compared with the non-SP cells, all examined cancer cells and xenograft tumors expressed ABCG2 in a small fraction (0.5-3.0%) of the cells, highly purified ABCG2 + cancer cells have a very similar tumorigenicity to the ABCG2cancer cells (58) . A mechanistic study has indicated that ABCG2 expression is associated with proliferation and ABCG2 + cancer cells can generate ABCG2cells (58) . However, ABCG2cancer cells can also generate ABCG2 + cells. Furthermore, the ABCG2cancer cells form more and larger clones in long-term clonal analyses, and the ABCG2population preferentially expresses several stemness genes (58) . These results suggested that, although the SP is enriched with tumorigenic cancer stem-like cells and the ABCG2 expression primarily identifies fast-cycling tumor progenitors, the ABCG2population contains primitive cancer stem-like cells. Therefore, ABCG2 + cancer cells are not equal to SP cells.
Several studies have isolated CSCs from ESCC using SP cells. For example, in 2008, Zhang et al (59) used flow cytometry to serially sort stem-like SP cells, demonstrating that radioresistant cell lines included more SP cells than parent cell lines. Another Chinese research group reported that the number of SP cells was increased in tumor spheres, when compared with adherent cells (60) . A previous study by Yue et al (61) demonstrated that stem cell-like SPs in ESCC were a cause of chemotherapy resistance and metastasis. The SP subpopulation was detected using Hoechst 33342 staining in five ESCC cell lines, OE19, OE21, OE33, PT1590 and LN1590. Chemotherapy-resistant cell lines were developed following long-term exposure to 5-fluorouracil (5-FU) and cisplatin, and were validated by an analysis of resistance markers, thymidylate synthase and excision repair cross-complement gene 1. While the LN1590 and PT1590 cell lines did not exhibit detectable SP cells, OE19, OE21 and OE33 cells were observed to contain varying levels of SP cells. With the increasing duration of 5-FU or cisplatin therapy, the SP subpopulation substantially emerged in the PT1590 and LN1590 cell lines. SP OE19 cells displayed a significantly higher tumorigenicity compared with non-SP OE19 cells, following the subcutaneous injection of tumor cells in vivo. SP cells isolated from OE19 and OE19 5-FU-resistant cells were subsequently analyzed by an epithelial-to-mesenchymal transition (EMT) polymerase chain reaction array. Notably, the SP fraction of 5-FU resistant OE19 cells led to a marked upregulation of EMT-associated genes, when compared with the SP fraction of OE19 cells (61) . These results provided the following evidence: i) The proportion of SP cells is different in ESCC; ii) SP cells exhibit stem cell-like properties and are associated with chemotherapy resistance; and iii) long-term exposure to cytotoxic drug selects for SP cells with an upregulated EMT gene profile, which may be the source of systemic disease relapse. Further investigations are necessary to target these EMT-associated SP cells in ESCC.
ALDH1
The fourth method for isolating CSCs is the utilization of chemotherapy resistance markers, including ALDH1. ALDH1 has been demonstrated to be a candidate CSC biomarker (62) and has been associated with CSC-like characteristics in numerous types of human cancer (63) . Early in 2005, ALDH1 was reported to be expressed at a higher level in CD34 + cells, when compared with differentiated cells, highlighting the important role of ALDH1 in normal hemopoietic stem cell biology (64) . Seigel et al (65) reported that <1% of retinoblastoma cells exhibit immunoreactivity against the stem cell markers ABCG2 and ALDH1, suggesting that CSCs account for a small fraction of the cells in human cancer. In the following decade, ALDH1 was identified to be overexpressed in various other CSCs, including those of breast (35) , lung (66) and pancreatic cancer (67) , and can therefore be regarded as a common CSC marker. In ESCC, the expression of ALDH1 protein in the nucleus of ESCCs is associated with lymph node metastasis and a poor survival, suggesting that ALDH1 may be involved in the aggressive behavior of ESCC (68) . Although there is no direct evidence to validate that ALDH1 + cells in ESCC are cancer stem-like cells, several studies hypothesize this to be the case. For example, Song et al (69) demonstrated that the short hairpin RNA (shRNA)-mediated knockdown of yes-associated protein 1 (YAP1) or SRY-box (SOX) 9 in transformed cells attenuates CSC phenotypes in vitro and tumorigenicity in vivo in ESCC. The small-molecule inhibitor of YAP1, verteporfin, blocks ESCC CSC properties in cells with high YAP1 and a high proportion of ALDH1 + cells (69) . Furthermore, Chen et al (70) recently revealed that ALDH1 staining was positively linked to a higher clinical stage, higher loco-regional failure rate, and shorter survival time in ESCC.
Identification of ESCC CSCs
Following the isolation of a CSC, its identification and verification is imperative. Due to the abundance of isolation methods, different isolation methods have been reported to identify the same CSC with a different cellular phenotype (71) . A common method to identify CSCs is to examine the stemness of isolated cells based on three major characteristics: i) Unlimited proliferation ability; ii) self-renewal ability; and iii) strong tumorigenesis (71) . Since the concept of CSCs was first introduced, scientists have attempted to isolate CSCs from human ESCC cell lines and tissues.
The three aforementioned CSC characteristics have been applied to investigate the stemness of isolated ESCC cells. Yang et al (72) identified leucine zipper and EF-hand containing transmembrane protein 1 (LETM1) as a marker of cancer stem-like cells and predicted a poor prognosis in ESCC based on the protein expression of LETM1, which was positively correlated with CSC markers in ESCC cell lines. Liu et al (73) reported that Cripto-1 could act as a functional marker of cancer stem-like cells and predict prognosis in patients with ESCC. The suppression of the Cripto-1 expression by shRNA markedly reduced the expression of stemness-and EMT-associated genes, in addition to their self-renewal capabilities in vitro, and tumorigenicity and metastasis in vivo in ESCC cells. Aldefluor, a fluorescent substrate of aldehyde dehydrogenase, has been used to isolate CSCs; however, it was not as easy to observe the interaction between CSCs and non-CSCs (74). Almanaa et al (75) introduced the attached-cell Aldefluor method to detect CSCs in ESCC cell lines. Almanaa et al (75) also demonstrated a novel method for generating and growing tumor spheres without the growth factor supplements normally used in the medium for their formation. ALDH-1 as a stem cell marker in patients with resectable ESCC, ALDH-1 expression can predict the response or resistance to preoperative chemoradiation (76) .
Radioresistance has been identified as a major characteristic of CSCs (77, 78) . As with common cancer cells, CSCs require telomerase to proliferate (79). Zhang et al (59) attempted to utilize a telomerase-specific oncolytic adenoviral vector carrying apoptotic tumor necrosis factor-related apoptosis-inducing ligand and an E1A gene (Ad/TRAIL-E1) to kill two pairs of parental and R esophageal carcinoma cell lines (Seg-1, Seg-1R, TE-2 and TE-2R), which had been established via fractionated irradiation. It was observed that the R esophageal carcinoma cell lines Seg-1R and TE-2R expressed more stem cell markers, including β-catenin, octamer-binding transcription factor 3/4 (OCT3/4) and β-integrin, and had a higher proportion of SP cells when compared with the parental Seg-1 and TE-2 cell lines. In addition, Seg-1R and TE-2R cells exhibited an increased sensitivity to Ad/TRAIL-E1 compared with parental cells. Increased coxsackie-adenovirus receptor and elevated transgene expression were identified in the R cells. Ad/TRAIL-E1 resulted in significant tumor growth suppression and longer survival in Seg-1R-bearing mice with no significant toxicity. Chen et al (80) hypothesized that the placental growth factor (PLGF) + ESCC TE1 cell line may be CSCs, since significantly higher levels of PLGF and MMP9 were detected in ESCCs with metastasis, when compared with those without, and the expression levels of PLGF and MMP9 were strongly correlated with each other. This resulted in the hypothesis that PLGF may activate MMP9 to drive the stemness of ESCC. Tsai et al (81) identified intercellular adhesion molecule 1 (ICAM1) as a potential CSC marker of ESCC using two distinct stemness characteristics of cancer cell lines by a comparative approach that screened for novel CSC membrane protein markers. ICAM1 promotes cancer cell migration and invasion, increases mesenchymal marker expression and attenuates epithelial marker expression. Furthermore, ICAM1 has been reported to contribute to CSC properties, including sphere formation, drug resistance and tumorigenesis in a mouse xenotransplantation model (81) . Based on the analysis of ICAM1-regulated proteins, it was revealed that ICAM1 regulates CSC properties, partly through an ICAM1-pituitary tumor-transforming gene 1 protein-interacting protein-p53-DNA methyltransferase 1 pathway. It was also observed that ICAM1 and CD44 could have a compensation effect on maintaining the stemness characteristics of ESCC, suggesting that a combination of multi-targeting therapies should be considered to acquire a more potent therapeutic effect on ESCC CSCs (81) . A commonly used CSC marker, ALDH1A1, was identified to define invasive cancer stem-like cells and predict poor prognosis in patients with ESCC (68) . CD90 (also termed Thy-1) is a surface glycoprotein of 25-28 kDa, which is expressed on the cytoplasmic membrane of different cell types (82) . CD90 + ESCC cells have been observed to possess stem cell-like characteristics, and a high tumorigenic and metastatic potential (34) . mRNA profiling of CD90 + ESCC cells suggested they drive tumor growth and metastasis via the dysregulation of an Ets-1/MMP signaling pathway (34) . CD90 + ESCC cells possess higher self-renewal activity and are sufficient for tumor growth, differentiation, metastasis and chemotherapeutic resistance. CD90 + tumor-initiating cells were isolated and characterized from ESCC clinical specimens as well as ESCC cell lines. In freshly resected clinical specimens, they represented a rare cell population, the levels of which correlated with strong family histories and lymph node metastasis (34) . Although emerging evidence has suggested that bone marrow derived stem cells can cause cancer cells to become CSCs (83), as has been observed in gastric cancer, this was not the case in ESCC. Fan and Lu (84) reported that fusion of human bone hemopoietic stem cells with esophageal carcinoma cells was unable to generate esophageal cancer stem cells.
Signaling pathways dysregulated in ESCC CSCs
A growing number of signaling pathways, such as Hippo (85) and Wnt (86) , have been demonstrated to participate in the regulation of stem cells and CSCs are no exceptions to this. Stem cells are defined by their capacity to undergo unlimited cell division while retaining their stem cell identity, and give rise to more specialized cells with a limited proliferative capacity. Unlimited proliferation, self-renewal and multi-directional differentiation are three major traits closely associated with the stemness of stem cells. During unlimited proliferation, stem cells can retain their stem cell identity; thus, populations of stem cells are self-renewing. On the other hand, proliferation can also generate specialized cells that are differentiated. Numerous stemness pathways can regulate these three major stem-like traits and different signaling pathways such as WNT/NOTCH Pathway and Sonic Hedgehog Signaling can regulate different stemness characteristics (87, 88) .
From the signaling pathways dysregulated in ESCC, certain stem-like characteristics have been identified to be associated with CSCs in ESCC. Zhang et al (60) reported that R cells in ESCC exhibited CSC-like traits and highly expressed β-catenin. In addition, a cyclooxygenase-2 inhibitor NS398 had a radiosensitization effect on R cells via the downregulation of β-catenin (89) . SB525334, a transforming growth factor-β 1 (TGF-β1) inhibitor, has been identified to markedly inhibit the migration and invasion of sphere-forming stem-like cells, yet had no effect on their sphere-forming ability, this suggested that TGF-β1 may be a biomarker for metastasis in ESCC stem cells; however, was not required for self-renewal (90) . TGF-β1 can be regarded as a molecular target for the eradication of ESCC stem cell metastasis (90) . In addition to its implication in ESCC stem cells, TGF-β1 has been reported to regulate the stemness of other CSCs, including those of liver cancer (91, 92) . TGF-β1 can also be induced by a bispecific EpCAM + CD3 antibody to be released from pre-activated lymphocytes and target EpCAM + retinoblastoma stem cells (93) . Although immunotherapy applied to ESCC is not yet effective, we anticipate that in the near future, CSCs may become a highly efficient therapeutic target cell type for immunotherapy in ESCC. The hedgehog (Hh) pathway is involved in CSC maintenance in various types of tumor, and Glioma-associated oncogene homolog 1 (Gli1) is a key mediator of the Hh pathway (94, 95) . Yang et al (96) reported Gli1 to be expressed in 28.3% of ESCC and to be an indicator of ESCC stem cells, and its expression was correlated with the expression of the stemness genes SOX9 and CD44. Gli1, CD44 and SOX9 were highly expressed in poorly differentiated ESCC cell lines, including TE8 and TE1 cells. Notably, the Gli1 expression was positively associated with distant metastasis, increased microvessel density and the expression of cell cycle regulators, including p21, cyclin D1, cyclin E1 and NF-κB. Fujiwara et al (97) used a NanoCulture ® Plate for 3-dimensional cell culture to prepare spheroids from ESCC cells and demonstrated that these spheroids possessed stem cell-like characteristics. Li et al (unpublished data) also utilized serum-free medium supplemented with growth factors to culture ESCC microspheres and observed that these sphere cells displayed a number of CSC-like characteristics. These spheroid cells highly expressed the ALDH1 enzyme, and the mRNA expression of the stem cell-associated genes SOX2, NANOG, OCT3/4 and LIN28 were also elevated (97) . Notably, several common stem cell surface markers, including CD44, CD133, CD338 (ABCG2), CD318 (CDCP1) and CD326 (EpCAM), were not observed be elevated. However, Kanamoto et al (98) reported that a single dose of irradiation can induce EMT and CD44 expression, conferring ESCC to acquire cancer stem-like cell properties. miRNAs were also identified to be involved in the signaling pathways of ESCC cancer stem cells. Downregulation of miRNA-644a was suggested to promote ESCC aggressiveness and stem cell-like phenotype via dysregulation of paired like homeodomain 2 (99).
Signaling pathway differences between normal and CSCs
Until now, stem cells could be classified into several categories, including embryonic or totipotent stem cells, pluripotent stem cells, and tissue-specific stem or precursor cells, thus constituting a hierarchy of stem cells (100) . CSCs can also be organized in a hierarchical fashion (101) . This theory was initially proposed by Bonnet and Dick (12) in a pioneering study that isolated and identified CSCs in human acute myeloid leukemia. Cancer research then began to focus on stem cells. To a certain extent, a large portion of the CSC research that followed was derived from this initial study. As with normal stem cells, different signaling pathways such as Wnt and Hedgehog signaling participate in the maintenance and regulation of CSCs (102, 103) . Due to the fact that CSCs are aberrant stem cells, stemness genes are abnormally upregulated or downregulated in CSCs. In addition, CSCs are cancer cells; thus these signaling molecules should also be specific to cancer and dysregulated in cancer cells. Therefore, stemness genes or signaling pathways dysregulated in CSCs should possess two properties: i) The ability to signal the activation of downstream targets that contribute to the maintenance of the three major characteristics of stem cells; and ii) the ability to maintain malignant characteristics (104).
Virus and ESCC stem cells
It is widely accepted that viruses, including hepatitis B (105), herpes simplex (106), Epstein-Barr viruses (107) and human papillomavirus (HPV) (108), can induce carcinogenesis in specific organs and tissues. In addition, specific viruses have been identified to participate in the formation of CSCs and can target CSCs, and targeting CSCs has been hypothesized to be a treatment method for metastatic cancer due to their high metastatic ability (109) . Early in 1999, Hirai et al (110) identified that replication-deficient recombinant adenovirus (Adv) containing the p53 tumor suppressor gene (Adv-p53) can eliminate the human breast CSC products to decrease relapse. In 2007, Eriksson et al (111) reported that oncolytic adenoviruses Ad5/3-Delta24 and Ad5.pk7-Delta24 can selectively kill breast cancer-initiating CD44 + CD24 -/low cells, and Cho et al (112) isolated and characterized CSCs in MMTV-Wnt-1 murine breast tumors. It has also been demonstrated that the Epstein-Barr virus is an important human carcinogen (113) , particularly in nasopharyngeal carcinoma (114) . In addition, Satoru et al (115) demonstrated that the principal oncoprotein of Epstein-Barr virus, latent membrane protein 1, promotes tumor cell invasion and metastasis, as well as EMT, and is involved in the formation of CSCs in nasopharyngeal cancer. Furthermore, HPV, which is a common virus closely associated with the occurrence of cervical, oropharyngeal and penile cancer, and head and neck squamous cell carcinoma, was implicated in the occurrence of CSCs (116) (117) (118) (119) . Cervosphere cells from cervical cancer cell lines, including SiHa, were selectively infected with the HPV virus, since, in confocal images, only cervosphere cells expressed the HPV co-receptor Annexin II on their surface (118) . HPV co-receptor Annexin II was less expressed in C-33A cells, an HPV-negative cervical cancer cell line, and in HaCaT cells, a non-tumorigenic immortalized cell line, compared with HPV-positive cervical cancer cell line and tumorigenic cervical cancer cell line (118) . Notably, HPV + oropharyngeal squamous cell carcinomas had an improved prognosis and an increased sensitivity to radiation and chemotherapy compared with their HPVcounterparts; differences in the role of the host immune system can partly explain this deviation (118) . Although the mechanism through which viruses contribute to the stemness of cancers remains to be completely elucidated, several studies have attempted to investigate it. For example, the HPV E6 protein can dysregulate p53, which has been observed to be closely associated with CSCs (120) . p53 is 'the guardian of the genome', since genome mutation or instability leads to tumor occurrence (121) . Recently, several studies have implied that p53-deficiency confers a CSC-like phenotype (122, 123) . In cases of cell damage, p53 can lead to cell growth arrest and apoptosis with expression level changes of Nanog and Notch via binding to the promoter region of these two stemness genes. Under normal circumstances, p53 inhibits the Notch pathway; however, when infected with HPV this inhibition is relieved, causing a more proliferative state through the activation of Notch (124) . Another common tumor suppressor, the retinoblastoma (Rb) gene, is often mutated in several types of tumors and is associated with CSCs. HPV can inactivate Rb, thereby causing cancer. Inactivated Rb predisposes cells to a highly proliferative state through binding to and activating the E2F protein. The E2F protein is a transcriptional factor that promotes cell division (125) . The HPV E7 protein forms complexes with Rb, which frees Rb from E2F and promotes unregulated cell proliferation (126) . This process is summarized in Fig. 2 .
Numerous viruses, including HPV, herpes simplex virus, cytomegalovirus and Epstein-Barr virus, can infect the esophageal epithelium (127) (128) (129) . As a result, infection with these viruses may contribute to the pathogenesis of ESCCs. HPV was the first virus to be associated with the pathogenesis of ESCC. In 1990, a study performed in an area of China with a high ESCC-associated morbidity rate revealed that HPV was associated with the carcinogenesis of ESCC, as demonstrated by histological analysis and in situ DNA hybridization (130) . Subsequently, a number of studies (131) (132) (133) have reinforced this association, although to the best of our knowledge, evidence for HPV as an initiating factor has yet to be established. Furthermore, to the best of our knowledge, the molecular mechanism of HPV infection-associated carcinogenesis in esophagus mucosa and ESCC tissue is unclear. In 2016, Xi et al (134) utilized a lentiviral vector to stably overexpress the high-risk HPV 16, E6 and E7 proteins, and conferred stem-like characteristics on an ESCC cell line, thus providing direct evidence to support HPV participation in the formation of CSCs. However, in ESCC low-morbidity areas, such as Italy, Syrjänen (135) reported that HPV cannot be detected in the ESCC tissue. This result was consistent with those of other studies (136) (137) (138) , suggesting that, in ESCC low-morbidity areas, HPV is not crucial for esophageal epithelium carcinogenesis. A case-controlled study in Zambia implied that HPV infection was not a risk factor; however, HIV infection and domestic smoke exposure were (139) . Consequently, a conclusion can be drawn that HPV alone is insufficient for the occurrence of ESCC, neither is it essential. HPV infection may be a promoting factor in the pathogenesis of ESCC, but not an initiating one.
Conclusion
In conclusion, CSCs are regarded as target cells that when effectively eradicated have the potential to treat human cancer.
However, there are currently no therapeutics or treatments aimed at eradicating CSCs. Such is the case in ESCC, although CSCs have been identified in ESCC. Due to a lack of early detection methods in ESCC, the disease is frequently diagnosed at the mid or late stages of progression, accompanied by lymph-node metastasis. Systemic therapy, such as targeting CSCs, may ultimately prove crucial for the eradication of this malignant disease. CSCs have been isolated and identified in ESCC for over a decade; however, effective therapies targeting these cells are lacking. Further studies along these lines of investigation are urgently required in order to identify novel and effective therapeutics for ESCC.
